Introduction
Despite great improvements in our understanding of neurological disorders still, in the majority of cases of epilepsy, it is not possible to identify the aetiological factors involved. 1, 2 There is increasing evidence that behind a significant proportion of these cases of idiopathic epilepsy there is a disruption of the neuro-developmental process in utero. [3] [4] [5] [6] The next step in the understanding of the aetiopathogenesis of idiopathic epilepsies is the individuation of the processes behind the derailment of the development of the central nervous system in these patients. The identification of the aetiological agents involved could open the door to the development of strategies of primary prevention or aetiological treatment. The example of neural tube defects and their prevention through prescription of folic acid in the periconceptional period is a good example of the potential offered by this approach. 7, 8 One strategy that can be used to develop hypotheses on the nature of the aetiological agents involved in pathologies in which it is suspected that Seizure (2006) Summary A consistent pattern has emerged from research in Northern Hemisphere populations indicating differences in the seasonality of birth between patients with epilepsy and the general population. This is the first study using similar methodology to look at Southern Hemisphere data. The population studied is composed of patients discharged from Australian hospitals with a diagnosis of epilepsy, in the period 1998-1999. The results show a significantly higher incidence of epilepsy in the patients born during the Australian winter and summer and a deficit of patients born during the spring and fall. This pattern is consistent with the Northern Hemisphere findings. This study provides further evidence of the existence of a seasonal aetiological agent(s) for epilepsy acting in the perinatal period. # 2006 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved. the underlying damage is caused during the embryo-foetal period is the analysis of the seasonal pattern at birth. Using this approach the seasonality at birth of a sample of patients born in a defined geographical area is compared with the seasonal pattern at birth of the general population from the same area. If the result is a seasonal effect in the births of the patients' sample that is consistently and significantly different from that of the general population, it may be possible to develop hypotheses on the nature of the aetiological agent(s).
This methodological approach was adopted on two large national samples, England & Wales and Denmark, of epileptic patients. 9, 10 In both studies it was evident a seasonal pattern in the births of the epileptic population, which was significantly different from the general population. This seasonal pattern was similar in the two studies.
Several aetiological hypotheses were developed on the basis of the results of these two studies, considering environmental factors that have a seasonal presence in the environment and which have in utero either neuro-toxic or neuro-protective potential.
After these two studies of populations born in the Northern Hemisphere the natural evolution of this line of research was to develop a study in which the same approach was applied to a sample of epileptic patients from the Southern Hemisphere, to examine whether a similar pattern was present.
Patients
The number of discharges from hospital for persons with epilepsy (ICD10 G40), classified by month and year of birth for Australia in the fiscal year 1998-1999, was provided by the Australian Institute of Health and Welfare. Patients whose month of birth was missing had to be excluded from the study. This random selection introduces extra variation in the data and so inference procedures that were robust to this were used, see Section 'Statistical methods'. It was however, necessary to assume that there was no systematic seasonal pattern in the proportion of missing patients. It was felt that this was consistent with our basic null hypothesis that the disease does not have a seasonal component. For consistency with previous Danish and British studies we restricted the sample of our study to patients born between 1938 and 1974. This resulted in 14,423 discharges in the sample under study.
The control population was all live births in Australia from 1938 to 1974, recorded by year and month of registration. These data were provided by the Australian Bureau of Statistics. A control population is necessary because the distribution of live births in the general population is not homogenous, but shows variations from month to month and year to year.
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Methods
We follow the general methodology of generalised linear models (GLM), see Mc Cullagh and Nelder 14 or Aitkin et al. 15 Note, that this methodology follows closely to that of similar studies. 9, 10 The basic model that was used in this study, given below, assumes that in any given month the number of cases follows a Poisson distribution. This assumes that there is a small, but fixed probability that any birth in any given month will go on to develop epilepsy. It further asserts that the probabilities of separate births developing epilepsy are independent. Rather than model this probability directly, we model the average (mean) number of cases per birth per month, as is usual in GLM methodology.
We are interested in testing if there is a seasonal effect on the mean proportion of cases born in a given month. To do this we must first remove the effects of any overall trends, once this is done we can test our statistical model for a monthly effect. This was done by adding a 12-level factor that recorded the month of birth and testing its significance using the appropriate ANOVA test.
Statistical methods
The initial model for the data was based on the assumption that the number of cases born in each month has a Poisson distribution, so the probability that there are r t cases in month t where there are N t births in that month is
The parameter is l t , the incidence rate in month t. Since inspection of the observed incidence rate, indicates that the rate changes over time, we model it by assuming that the rate follows a non-linear trend,
The number of births per month, which is the control population in this study, is included in the model as an offset in accordance with 14 (p. 206 ). An offset is a covariate in the model whose coefficient is constrained to be one. The values of the free coefficients b i were found by the method of maximum (pseudo) likelihood estimation. This method of Pois-son regression was done using the package R, further details can be found in 14 .
To check for the goodness of fit the residuals were examined. Since there was evidence of mild overdispersion all inference was done with the pseudolikelihood approach recommended in 14 . Once translated by their mean value (which is the fitted value in the non-linear regression) and scaled by their standard deviation (the square root of the fitted value) the residuals should have an approximately standard normal distribution. Both quantile plots and calculating the observed variance confirms the goodness of fit. Thus the non-linear regression does seem to be a good baseline model with which we can investigate seasonality.
To test for a seasonal effect a 12-level factor was fitted whose levels correspond to the months. The addition to this, seasonal variable was tested for statistical significance using the method of analysis of deviance. The deviance is defined as twice the difference between the maximum likelihood for the model, which includes the monthly effect minus the maximum likelihood for the null model. It is a measurement of how well the model fits the observed data. The key idea behind an analysis of deviance is to test if the change in deviance, which is achieved by adding a new variable, is statistically significant.
Results
The monthly effect was found to be significant ( p < 0.01), indicating that there is strong evidence in the data that the month of birth contributes to the probability of developing epilepsy. In order to understand the detail of the monthly effect, the twelve estimated monthly effects are plotted in Fig. 1 which provides a qualitative guide to the seasonal effect.
Two aspects of the collected data need further comment. One was that a single patient may have more than one hospital discharge and secondly, that the Australian data only records the month of registration rather than birth. Both aspects had the effect of increasing variability in the model; however, since the inference procedure used (a pseudolikelihood as recommended in 14 ) was robust to over-dispersion, our results are also robust. Our modelling assumes that the distribution of the number of discharges does not have a birth month effect that would induce a bias in the estimation. Such an effect, which would imply a qualitative difference in the disease by birth month, would in itself be extremely interesting. The second effect, i.e. having a noisy measure of the birth month, would have the effect of damping any seasonal effect. Thus, the fact that one was still detected implies that the effect might be stronger than we have estimated.
Discussion
The first important conclusion that can be drawn from the results of this study is that the seasonal distribution of birth in a large sample of Australian inpatients with epilepsy is significantly different from that of the general population in Australia. Without trying to overanalyse the monthly data, there is evidence of a trend with a bi-phasic sinusoidal pattern with a significantly higher incidence of epilepsy in the patients born during the Australian winter and summer seasons and a significant deficit of epileptic patients born during the Australian spring and fall.
The results of this study are consistent with the two previous studies from the Northern Hemisphere that also show a sinusoidal pattern with an excess of epileptic patients born in the European summer and winter and a deficit in the European middle seasons. 9, 10 As discussed in previous papers there is no reason to believe that the parents of epileptic patients have seasonal mating habits different from those of the general population. It is therefore to be assumed that the different pattern of seasonal birth in epileptic patients is due to the action of agents present in the environment with a seasonal pattern Seasonality of birth in Epilepsy: A Southern Hemisphere study Figure 1 The seasonal pattern of birth in Australian patients admitted for epilepsy is significantly different from the general population.
and which can interfere with the neurodevelopment influencing the future expression of seizures.
Amongst the factors that have a differential seasonal presence in the environment and that have the potential to influence the neurodevelopment, some are noxious factors while others are protective. Examples of potentially disruptive factors are maternal infections [16] [17] [18] and obstetric complications. [19] [20] [21] [22] [23] A typical example of protective factor are vitamins, which have a seasonal availability in the environment. [24] [25] [26] [27] [28] The importance of vitamins in the maternal diet cannot be stressed enough after the findings of the protective properties of folic acid in neural tube defects. 7, 8 The sinusoidal pattern with two peaks and two lows could originate by the action of one agent, either protective or noxious; or by a combination of more than one factor, each with a different seasonal pattern.
The causal factors that we considered in the European studies are present in the environment with a seasonal pattern also in the Southern Hemisphere. Their presence follows the same meteorological seasons in the two Hemispheres and not the same calendar pattern. Flu epidemics, for instance, are present in Australia during the antipodean winter, with a peak in July and August. 29 In the same way gastrointestinal infections peak in both Hemispheres during the summer, with the highest incidence in Australia around December and January. 29 The availability of vegetables, and therefore of most vitamins in the diet, is also seasonal in both Hemispheres with a low in the winter. [24] [25] [26] [27] [28] It would be therefore expected, if the same aetiological factors were in action in the two hemispheres, a pattern of seasonal incidence of birth of epileptic patients with roughly a six months lag between the two Hemispheres. The comparison of this Australian study with the two previous European studies is compatible with this pattern.
A few issues in regard to the sample object of the study need to be discussed. The first one is that the epileptic population is represented by the number of admissions per year, and not by the number of patients. Therefore, a patient who has been admitted several times during a year will be represented as many times in the sample. The same problem was present in the sample from England and Wales. The only possible phenomenon which could contaminate the results would be if, the patients with a more serious and less controlled epilepsy, therefore, with repeated admissions, have a seasonal pattern of births, while the other patients do not. This would be anyway a very interesting phenomenon in itself.
A very similar issue is the fact that the epileptic sample represents only the patients who had an inpatient admission on that year, while the majority of epileptic patients are not admitted. Again, as discussed above, the only potential bias would be represented if the seasonality were higher in the patients who have a more brittle syndrome.
A third potential bias deserves a wider discussion. The epileptic sample used for this study represents everyone living in Australia in that year and having access to the health system, irrespective of his or her place of birth. The most recent census data show that more than 20% of the population resident in Australia, 30 therefore having access to the health system, are born outside Australia, and the great majority of them in the Northern Hemisphere. The live births with which this sample is compared to, instead, are representative only of the people born in Australia. There is therefore, the potential risk that this contamination could bias the results obtained. On the other hand, if the seasonal phenomenon observed in Australia were due to this artifact, the seasonality would be of a size equivalent to around one fifth of what observed in Europe, being the population born abroad around 20% of the total population. In reality the Australian seasonal effect is at least as strong as the European, and this reassures that there is a genuine phenomenon originating from the population born in Australia.
Conclusions
In summary, the analysis of the dates of birth of a large sample of Australian patients suffering from epilepsy shows a seasonal pattern significantly different from that of the general population. The results are compatible with two similar studies performed on patients from the Northern Hemisphere. The most likely candidates as aetiological factors in idiopathic epilepsies are therefore agents who have a significant seasonal presence in the environment. Amongst these are promising infective agents causing maternal infections, obstetric complications and vitamins in the maternal diet.
